Oilseed rape cultivation under organic farming conditions presents a high risk of increased incidence of weeds, pests and diseases, resulting in low rapeseed yielding capacity. The current study aimed to estimate the effects of nonchemical weed management methods: thermal, mechanical and self-regulation (natural weed / crop competition), on the incidence of fungal diseases in winter oilseed rape (Brassica napus L.) stands and on rapeseed yield in the organic production system. A field experiment was conducted in 2014-2017 at Aleksandras Stulginskis University's Experimental Station. The soil of the experimental site is Endocalcaric Endogleyic Luvisol (LV-can.gln). Under less favourable conditions for the occurrence of phoma stem canker, both thermal and mechanical weed control methods were shown to inhibit the spread of the disease in the oilseed rape crop compared with the selfregulation weed control treatment. However, under the conditions conducive to the spread of phoma stem canker, only mechanical weed control method in combination with the bio-preparations proved to be effective. In 2015 and 2016, the lowest incidence of the verticillium wilt was recorded in the oilseed rape plots where weeds had been managed by steaming. In 2017 significantly, from 2.3 to 3.3 times lower number of verticillium wilt-affected stems was determined in the mechanical weed control plots as compared with that in the plots where other weed control methods had been applied. Application of bio-preparations decreased the number of verticillium wilt-affected stems by on average 11.1-15.6%. The lowest incidence of dark leaf and pod spot was established in the plots where weeds had been controlled by water steam and no bio-preparations had been used. The bio-preparations were found to increase the severity of dark leaf and pod spot on oilseed rape siliques by on average 13.1-79.4%. Significantly the highest rapeseed yield in 2015 and significantly higher compared with self-regulation in 2017 was recorded in the mechanical weed control treatment, while in 2016 the highest rapeseed yield was established in the self-regulation treatment applied with the bio-preparations. In 2017, the verticillium wilt severity in the winter oilseed rape crop was found to negatively, strongly and statistically significantly correlate with rapeseed yield (r 2 = 0.69, P < 0.05).
Introduction
The idea of organic farming began to spread throughout the world in the early eighties of the 20 th century. The development of organic farming was prompted by the environmental concern, health issues, and the search for solutions to social problems. The cultivation of oilseed rape and turnip rape on organically managed farms was encouraged by a search for healthy, high quality and safe food. The area of organically cultivated oilseed rape and turnip rape in the world amounted to approximately 93 thousand hectares (The World of Organic Agriculture…, 2017). According to the data from the public institution "Ekoagros", in 2017 the total area devoted to oilseed rape production in organically managed farms in Lithuania amounted to 3962.2 ha, including 3250.98 ha of winter oilseed rape and 711.22 ha of spring oilseed rape. In 2017, the yield of spring oilseed rape averaged 0.52 t ha -1 and that of winter oilseed rape averaged 1.63 t ha -1 . Growing of oilseed rape under organic production conditions poses a serious risk of increased incidence of weeds, pests and diseases, resulting in low rapeseed yields (Valantin-Morison, Meynard, 2008) . Therefore, the area devoted to rapeseed production in organic farms is small. Oerke (2006) indicates that the yield losses of agricultural crops due to weeds account for 34%, while the yield losses to pests and diseases account for 18% and 16%. Under organic production system, which bans the use of synthetic pesticides, the crop yield losses are even higher (Walters, 2009 ).
Phoma stem canker (Leptosphaeria spp.) is a globally important devastating fungal disease of oilseed 332
The impact of non-chemical weed control methods on the disease occurrence in the organically grown winter oilseed rape crop rape which is being widely investigated worldwide (Aubertot, 2006 Brazauskienė et al. (2012) have found that the incidence and severity of phoma stem canker are influenced by the seasonal type of oilseed rape (winter or spring), state of the crop and the meteorological conditions. Winter oilseed rape was more susceptible to phoma stem canker than spring oilseed rape. When the weather is warm during the autumn growing season, the conditions for the maturation of L. maculants pseudothecia and dispersal of ascospores and winter oilseed rape infection in the autumn are much more favourable. When the incidence of phoma stem canker on oilseed rape leaves in the autumn is high, the disease incidence on stems the following year is generally more than 90% higher . Liu et al. (2006) have documented that when the weather in August and September is dry, the dispersal of ascospores starts only in November. For this reason, the phoma stem canker infection pressure in oilseed rape crops in the autumn is lower. Cai et al. (2018) have found that depending on the meteorological conditions, rapeseed yield losses to phoma stem canker range from 10% to 37%. With increasing oilseed rape concentration in the crop rotations, phoma stem canker incidence and severity in the crops increase even more (Hegewald et al., 2017) . In recent years, the increasing oilseed rape area in crop rotations has resulted in a marked surge in the occurrence of another harmful oilseed rape disease, verticillium wilt (Verticillium spp.), caused by the Verticillium longisporum fungus (Berg et al., 2006; Dunker et al., 2008; Lelešius et al., 2016; Spitzer, Matušinsky, 2017) . The spread of the latter disease is considerably influenced by the soil temperature and oilseed rape cultivar grown (Dunker et al., 2008) . Berg et al. (2006) have shown that the rapeseed losses to verticillium wilt can range from 30% to 50%. Dunker et al. (2008) suggest that yield losses per individual plant vary from 20% to 80%.
Dark leaf and pod spot, caused by the Alternaria brassicacae fungus, is a common disease in oilseed rape crops (Brazauskienė et al., 2011 a; Bankina et al., 2012; Kumar et al., 2014) . The spread of the latter disease in agricultural crops is markedly affected by the relative air humidity, temperature and amount of rainfall (Brazauskienė et al., 2011 a; Kumar et al., 2014) . Bankina et al. (2012) have demonstrated that dark leaf and pod spot is identified annually, but its severity is generally low. Due to intensive spread of dark leaf and pod spot, the yield losses of the Brassicaceae family plants can fluctuate from 32% to 57% (Shrestha et al., 2005) .
Under the conditions of organic cropping, the control of the spread of disease causal agents in agricultural crops puts particular emphasis on crop rotations, tillage, choice of disease resistant cultivars, sowing time, crop density, and timely weed control (Aubertot et al., 2006) . In weed-infested oilseed rape crops, the plants tend to be weaker and less resistant to various disease causal agents. In addition, weeds, particularly broad-leaved ones, provide a living space for fungal disease pathogens (Walters, 2009 ). In organically managed farms, weeds occurring in oilseed rape crops can be exterminated using mechanical and thermal control methods when growing the crops with wide inter-rows (Kierzek et al., 2008; Peltzer et al., 2009). Cultivation of oilseed rape crops with wide inter-rows and high plant density per row reduced seed germination and increased disease occurrence (Peltzer et al., 2009) . Weed control in agricultural crops using water steam treatment has been shown to reduce the incidence of fungal diseases (Brazienė, Vasinauskienė, 2011) .
In organic production farms, where fungicide spray application on oilseed rape crops is not allowed, more heed should be paid to bio-preparations ( Research has shown that the use of bio-preparations reduced the incidence and development of microscopic fungi (Sinkevičienė et al., 2015) . However, few studies have investigated the use of bio-preparations in oilseed rape crops.
It has been hypothesized that different nonchemical weed control methods in combination with bio-preparations increase the resistance of winter oilseed rape to the pathogens of fungal diseases and enhance rapeseed yield in the organic production system.
The objective of the current study was to determine the effects of the non-chemical weed control methods (thermal, mechanical, and self-regulation (natural weed / crop competition)) on the occurrence of fungal diseases (phoma stem canker, verticillium wilt and dark leaf and pod spot) in the winter oilseed rape crop and on rapeseed yield under organic production system.
Materials and methods
A field experiment was conducted in 2014-2017 at the Experimental Station (54°53′ N, 23°50′ E) of Aleksandras Stulginskis University on an Endocalcaric Endogleyic Luvisol (LV-can.gln) according to the WRB 2014. Agrochemical properties of the experimental soil (averaged data of 2014, 2015 and 2016) were as follows: soil pH -7.30, humus -1.79%, content of available nutrients in the soil: P 2 O 5 -199.0 mg kg -1 , K 2 O -97.7 mg kg -1 . The experiment included the following treatments: factor A -non-chemical weed control methods: 1) thermal (water steam), 2) mechanical (inter-row cultivation) and 3) self-regulation (natural weed / crop competition, sowing with narrow inter-rows); factor B -use of bio-preparations: 1) without bio-preparations and 2) with bio-preparations.
A Swedish winter oilseed rape (Brassica napus L. spp. oleifera biennis Metzg.) cultivar 'Cult' was grown in the experiment. In 2014, the crop was sown on 1 st September, in 2015 on 27 th August and in 2016 on 29 th August using a sowing machine MultiDrill M 300 (Germany). The crop was sown at a seed rate of 3 kg ha -1 in all experimental plots. In the plots where mechanical and thermal weed control was applied, winter oilseed rape was grown with 48 cm wide inter-rows (sowing was performed every fourth row by closing three seeding tubes in the spaces between). In the plots where thermal weed control was used, weeds were killed by a mobile thermal (water steam) weed control unit (thermal power 90 kW, capacity 120 kg h -1 steam, fuelled by liquefied gas). The steam temperature was 99°C; the thermal treatment time was 2 seconds; approximately 2 mm of the soil layer was heated up (Sirvydas, Kerpauskas, 2012) . In the plots where mechanical weed control was applied, the inter-rows were cultivated by a soil cultivator KOR-
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Zemdirbyste-Agriculture Vol. 105, No. 4 (2018) 333 4.2-01 (Ukraine) with duck-foot coulters. Two passes by the cultivator were made. Thermal and mechanical weed control methods were applied twice: in the autumn at 3-4 leaf growth stage (BBCH 13-14) of winter oilseed rape and after resumption of vegetation in the spring (BBCH 50). In the self-regulation weed control treatment oilseed rape was grown with 12 cm wide inter-rows. For the treatments with the use of bio-preparations, the seeds before sowing were coated with the bio-organic fertilizer Nagro (BioPlant) (0.5 L per ton of seed and 10 L of water) (9.09 g L -1 humic and fulvic acids, 0.35 g L -1 N, 0.73 g L -1 P, 2.49 g L -1 K, 283.8 mg L -1 Mg, 0.36 mg L -1 B, 0.90 mg L -1 Cu, 110.5 mg L -1 Fe, 435.7 mg L -1 Mn, 713.1 mg L -1 Mo, 345.5 mg L -1 Zn, 51.95 mg L -1 Co, 0.138 mg L -1 Se, 0.231 mg L -1 Cd, 0.02 mg L -1 Cr, 1.30 mg L -1 Ni, 9.09 g L -1 organic matter, 4.60 g L -1 organic carbon), during the vegetation season the crop was sprayed twice with the bio-preparations (in the autumn with Terra Sorb Foliar (BioIberica) (9.3% free aminoacids, 2.1% N, 0.019% B, 0.046% Mn, 0.067% Zn) (2 L ha -1 ), in the spring with Terra Sorb Foliar (1 L ha -1 ) and 0.3% Konflic (Atlantica Agricola) (50% extract of Quassia amara, 50% potassium soap of oleic acid of natural origin and 85% organic matter). Synthetic fertilizers and chemical plant protection products were not used in the experiment. In 2015, winter oilseed rape was harvested on 27 th July, in 2016 on 20 th July and in 2017 on 28 th July. The total size of a plot was 84 m 2 and that of a harvested plot 20 m 2 . The experiments included four replications. The pre-crop was bare fallow, in the autumn the fallow was ploughed and several times cultivated and harrowed before winter oilseed rape sowing. A split-plot experimental design was used. Nonchemical weed control methods (factor A) were used on the main plots and bio-preparations (factor B) were applied on sub-plots. Agrochemical properties of the soil were determined before sowing. The soil was sampled from each experimental plot at 15 random locations with a soil auger from the 0-25 cm layer. The soil pH was measured potentiometrically in 1 N KCl extract, available phosphorus P 2 O 5 and potassium K 2 O (mg kg -1 soil) were estimated by the Egner-Riehm-Domingo (A-L) method, organic carbon was established using a Heraeus analyser (Germany) by combusting the samples at 900°C temperature. Humus content was calculated by multiplying organic carbon content by a coefficient 1.724. Soil samples were analysed at Lithuanian Research Centre for Agriculture and Forestry's Agrochemical Research Laboratory. Winter oilseed rape growth stages were described according to BBCH scale (Meier, 2001) .
Phoma stem canker in winter oilseed rape plots was assessed at the BBCH 85 growth stage of oilseed rape. Phoma stem canker was assessed on 30 plants per each plot, i.e. 10 plants from three spots. Phoma stem canker damage was estimated on the stems of winter oilseed rape plants. Percentage of disease-affected stems from the total number of assessed stems was calculated. The severity of phoma stem canker was estimated by cross-sectioning the stems in the root neck area and 5 cm above the root neck according to the scale: 1 -no disease symptoms, 2 -less than 10% of the cross-sectioned stem girdled by lesion, 3 -10-25% of the cross-sectioned stem girdled by lesion, 4 -25-50% of the cross-sectioned stem girdled by lesion, 5 -more than 50% of the crosssectioned stem girdled by lesion, 6 -dead plant.
The disease severity index (DSI) was calculated according to the formula (Kuusk et al., 2002) :
where n1, 2, 3… is number of plants within each specific score.
Verticillium wilt spread in winter oilseed rape crop was evaluated after harvesting by examining 30 stubbles of oilseed rape in randomly selected places of each treatment plot. Percentage of verticillium affected stems from the total number of examined stems was estimated (Dunker et al., 2008) .
Dark leaf and pod spot was assessed on arbitrarily chosen 100 siliques per plot. The disease severity on siliques was assessed according to the scale: 0 -no infection, 1 -little damage, 5 -up to 5% of silique area covered by the disease, 10 -up to 10% of silique area covered by the disease, 20 -on average 11-25% of silique area covered by the disease, 30 -severe damage 26-50% of silique area covered by the disease, 50very severe damage >50% of silique area covered by the disease (Conn et al., 1990) . The disease severity was calculated according to the formula (Žemės ūkio augalų kenkėjai…, 2002):
where R is disease severity, -the number of siliques within infection grade and the sum of products of numerical value of each grade, N -the total number of inspected siliques. Dark leaf and pod spot was assessed at the BBCH 79 growth stage of oilseed rape.
Rapeseed yield was calculated as of a standard 8.5% moisture and absolutely clean seed (kg ha -1 ).
Data of the research was statistically analysed by two-way SPLIT-PLOT analysis of variance (ANOVA) for the quantitative indices, and correlation and regression methods (Raudonius, 2017) . The significance of the differences between the treatments was evaluated applying F criteria and the least significant difference (LSD) test. The data of fungal diseases that did not fit the normal distribution, were transformed by y = ln(x) prior to the statistical estimation. Significant interaction among the tested factors and seasons was established; therefore no data averages are presented.
Meteorological conditions. In 2014, autumn was warm and long, therefore conditions for winter oilseed rape growth were favourable (Fig. 1) .
In 2015, the weather conditions for oilseed rape wintering were also favourable. The snow cover was not thin. Spring started early and was warm. Therefore the plants resumed vegetation within the first ten-day period of the month. June and August were warm and dry, the monthly hydrothermal coefficient (HTC) was 0.35 (dry) and 0.11 (very dry) respectively. Autumn was also warm and long.
In 2016, very cold weather set in within the first ten-day period of January and there was no snow cover which resulted in winter-kill of part of the crop. The average air temperatures of February, March and April were higher than the long-term average. In 2016, winter oilseed rape plants resumed vegetation on 4 th April. May was warm, with a HTC of 1.09 (optimal irrigation). June, May and August were warm and humid. September was warm and dry, but October and November were cool and rainy. The temperatures of December, January and February were higher than the long-term average. The average monthly temperature of March was 4.4°C higher than the long-term average.
In 2017, oilseed rape plants resumed vegetation on 31 st March. April was cold and wet. Due to this reason, part of the oilseed rape crop damped off. May was warm and HTC was 0.29 (very dry). June and July were cool, HTC was 1.78 (excess irrigation) and 1.53 (optimal irrigation), respectively.
Results and discussion
Phoma stem canker damage. Our study showed that phoma stem canker developed from stem lesions at the root collar or crown of oilseed rape plants. In 2015, at the growth stage BBCH 85, the stems affected by phoma
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The impact of non-chemical weed control methods on the disease occurrence in the organically grown winter oilseed rape crop stem canker accounted for 33.6-61.8% of the total tested ( Table 1 ). The disease severity index ranged from 1.15 to 1.83. Brazauskienė et al. (2011 b) have reported that before harvesting the phoma stem canker-affected stems accounted for 48-72%. The disease damage level for most of the stems inspected (from 36.6% to 57.2%) was estimated by score 2: less than 10% of the stem parameter girdled by the phoma stem canker lesions. In the plots with inter-row cultivation but without the use of the bio-preparations the number of disease-affected stems and the disease severity index were found to be significantly by respectively 35.1% and 25.1% lower than for the self-regulation treatment. With the use of the biopreparations in the thermal (water steam) weed control treatment, the number of the disease-affected stems and the disease severity index were shown to be significantly by respectively 36.6% and 28.1% lower than that in the self-regulation treatments. As reported by Vasinauskienė and Brazienė (2017) , the water steam reduces the development of fungal diseases in agricultural crops. The use of the bio-preparations, compared with no use, did not have significant effect on the spread of phoma stem canker in the winter oilseed rape crop. In 2016, with the amount of rainfall in July 81.7 mm higher than usual, the number of phoma stem canker-affected rape stems was found to be 1.1-2.1 times higher and the disease severity index 1.5-3.8 times higher than in 2015. In 2016, the phoma stem cankeraffected stems accounted for 57.5-85.8% and the disease severity index ranged from 2.28 to 4.32. In the thermal weed control treatment without the use of the biopreparations, significantly lower number of the disease affected stems and disease severity index by respectively 17.9% and 25.8% and 30.9% and 44.1% were determined than in the mechanical and self-regulation weed control plots. With the use of the bio-preparations, significantly 18.8% and 24.2% lower number of the disease affected stems and 44.0% and 43.5% lower disease severity index were recorded in the self-regulation plots, compared with the thermal and mechanical weed control treatments. According to the disease damage, the stems were scored 2 (less than 10% of stem perimeter girdled by phoma stem canker lesions) and 3 (10-25% of stem per meter girdled with the disease lesions) and 6 (dead leaves)from 19.0% to 39.0%, from 16.2% to 22.9% and from 10.2% to 31.1%, respectively.
Without the bio-preparations, significantly 35.0% lower disease damage score (2) was identified in the self-regulation plots, compared with the thermal weed control treatment. In the thermal and mechanical weed control treatments with the use of the bio-preparations, the number of stems with a disease damage score value 2 was significantly 51.3% and 37.9%, respectively lower compared with the self-regulation treatment. Without the bio-preparations, significantly 43.4% and 34.9% lower number of oilseed rape stems with a disease damage score value 6 was established in the mechanical and thermal weed control treatments, compared with the self-regulation treatment. However, with the use of the bio-preparations, self-regulation proved to be more effective, compared with the thermal and mechanical weed control treatments, the number of stems with a disease damage score value 3 a Note. − -without, + -with application; the differences between the averages of treatments of factor A at one level of factor B, marked by not the same letter (a, b, c) , and between the averages of treatments of factor B, marked by an asterisk are significant (P < 0.05); # -severity score scale is described in Material and methods.
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6 was significantly 67.2% and 58.4% lower. The use of the bio-preparations, compared with no use, significantly increased phoma stem canker-affected rape stems and the disease severity index in the thermal and mechanical weed control treatments by respectively 39.1% and 89.5% and 22.6% and 29.7%, whereas in the self-regulation treatment the use of bio-preparations significantly reduced these parameters by respectively 16.1% and 40.7%. The use of the bio-preparations in the thermal weed control treatment significantly by 51.2% reduced the number of stems with a disease score value 2; however, it significantly by 86.2% increased the number of stems with a disease score value 6. The use of the bio-preparations in the self-regulation treatment significantly by 54.2% increased the number of stems with a disease score value 2; however, it gave a significant 65.4% reduction in the number of stems with a disease score value 6. Kurowski et al. (2009) have found that bio-preparations reduced the occurrence of fungal diseases in oilseed rape crops; however, their efficacy was lower than that of fungicides. In 2017, the phoma stem canker-affected percentage of winter oilseed rape stems was 1.5-2.8 times higher than in 2015 and 1.0-1.6 times higher than in 2016. The disease occurrence was favoured by the wet weather in the autumn of 2016 and in the spring of 2017. Kaczmarek et al. (2016) have found that the conduciveness of climate for ascospore release by L. maculans and L. biglobosa increased with increases in temperature and precipitation. In 2017, the phoma stem canker-affected stems accounted for 83.4-97.5%, the disease severity index ranged from 4.72 to 6.06. Without the use of the bio-preparations, the number of phoma stem canker-affected stems did not differ significantly among the weed control treatments investigated. With the use of the bio-preparations in the mechanical weed control treatment, the number of disease affected stems was significantly 14.5% and 9.1% lower than in the thermal and self-regulation weed control treatments. The disease score values for most of the stems tested were 5 (more than 50% stem perimeter girdled by the disease lesions) and 6 (dead plants), from 24.2% to 30.9% and from 25.2% to 44.0%, respectively. In the mechanical weed control plots without bio-preparations, significantly 40.9% lower number of disease affected stems was determined than in the thermal weed control treatment. In the mechanical and self-regulation weed control treatments with the use of the bio-preparations, compared with the thermal weed control treatment, significantly 48.1% and 34.4% lower number of stems with a disease score value 4 (25-50% of the stem perimeter girdled with the disease lesions) was found. The use of the bio-preparations compared with no use did not have marked effect on the occurrence of phoma stem canker in the winter oilseed rape crop tested.
Verticillium wilt damage. In 2015, at the winter oilseed rape growth stage BBCH 85 the verticillium wiltaffected stems accounted for 16.7-45.0% (Fig. 2) . In the study by Spitzer and Matušinsky (2017), the verticillium wilt-affected rape stems was from 12% to 41%. Both with the use and without the use of the bio-preparations, significantly higher number of verticillium wilt-damaged stems was established in the mechanical weed control treatment, compared with the thermal and self-regulation treatments by respectively 2.7 times and 1.9 and 1.6 times. The use of the bio-preparations, compared with no use, significantly by 27.8% reduced the number of verticillium wilt-affected oilseed rape stems only in the mechanical weed control plots.
In 2016, the number of verticillium wiltaffected oilseed rape stems was 1.1-3.6 times higher than in the dry year 2015. In 2016, verticillium wiltaffected stems accounted for 35.0-59.2%. Dunker et al. (2008) have indicated that climatic conditions appear to be responsible for the strong delay in fungal invasion of plants in the field. The number of the disease-affected Note. The differences between the averages of treatments of factor A at one level of factor B, marked by not the same letter (a, b) and between the averages of treatments of factor B, marked by an asterisk are significant (P < 0.05). stems did not differ significantly among the different weed control treatments. The use of the bio-preparations, compared with no use, significantly by 40.9% reduced the number of veticillium wilt-affected stems only in the self-regulation weed control plots.
In the wet and cooler year 2017, in the thermal and self-regulation weed control plots, there were more disease-affected stems than in 2015 by 3.4-4.4 times and in 2016 by respectively 1.2-2.1 times. In the mechanical weed control plots, in 2017 there were found fewer verticillium wilt-affected stems than in 2015 and 2016 by respectively 1.4-1.5 times and by 1.7-2.2 times. In 2016, the verticillium wilt-affected oilseed rape stems accounted for 22.5-74.2%. Bot with the use of the biopreparations and without, significantly lower number of verticillium wilt-affected stems was recorded in the mechanical weed control treatment compared with the thermal and self-regulation plots by respectively 2.3 and 2.5 times and 2.5 and 3.3 times.
Dark leaf and pod spot damage. The severity of dark leaf and pod spot on the siliques of winter oilseed rape differed among the experimental years ( Fig. 3) . In 2015, the severity of dark leaf and pod spot on siliques was established to be 2.0-4.8 times higher than in 2016 and 4.7-8.8 times higher than in 2017. It is likely that the incidence of dark leaf and pod spot (from 8.69% to 24.0%) in the winter oilseed rape crop in 2015 was favoured by warmer and wetter than usual winter and early spring period and the resulting denser and more luxuriant crop stand.
Without the use of the bio-preparations in 2015 in the thermal weed control plots, the severity of dark leaf and pod spot on siliques was established to be significantly by 41.7% and 43.9% lower than in the mechanical and self-regulation weed control plots. Experiments conducted by Mockevičienė (2017) showed that dark leaf and pod spot disease incidence was the lowest in the oilseed rape crop where water steam Note. The differences between the averages of treatments of factor A at one level of factor B, marked by not the same letter (a, b) and between the averages of treatments of factor B, marked by an asterisk are significant (P < 0.05). 
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The impact of non-chemical weed control methods on the disease occurrence in the organically grown winter oilseed rape crop enhanced the efficacy of thermal weed control treatment, where rapeseed yield was significantly 40.4% higher than in the self-regulation treatment. Kierzek et al. (2008) have found that inter-row cultivation in the winter oilseed rape crop in the autumn (at 4 leaf growth stage) and in the spring is more effective than a single cultivation in the autumn at 4 leaf stage. According to their research results, rapeseed yield was also influenced by the meteorological conditions and the quality of inter-row cultivation. The use of the bio-preparations, compared with no use, significantly increased rapeseed yield in the thermal and mechanical weed control treatments by respectively 43.4% and 25.1%. In 2016, rapeseed yield was from 1.5 to 4.6 times lower than in 2015. This was influenced by the lower over winter survival rate of oilseed rape plants, a rainy July with 162.9 mm rainfall and higher incidence of phoma stem canker and verticillium wilt in the rapeseed crop. There were no significant differences in rapeseed yield among the different weed control treatments without the use of bio-preparations. In the treatments with the use of the bio-preparations, significantly higher rapeseed yield was produced in the self-regulation control plots, where it was by respectively 51.5% and 100% higher than in the thermal and mechanical weed control plots. In the thermal weed control treatment, the rapeseed yield was significantly 32.0% higher than in the mechanical weed control treatment. In the self-regulation weed control treatment, the application of the bio-preparations gave a significant 51.5% rapeseed yield increase, compared with the treatment without the bio-preparations.
In 2017, rapeseed yield was from 4.4 to 13.8 times lower than in 2015 and from 1.2 to 9.1 times lower than in 2016. This can be accounted for by the fact that in April, which received twice as much rainfall as normal, in part of the winter oilseed rape crop area the soil became waterlogged. In addition, the crop was severely infested with phoma stem canker and verticillium wilt. In the self-regulation plots, the rapeseed yield was significantly lower than in the thermal and mechanical weed control treatments by respectively 3.2 and 4.2 times without the use of the bio-preparations and by 3.0 and 3.6 times lower with the use of the bio-preparations. The bio-preparations used, compared with the treatments without them, did not have significant effect on rapeseed was used for weed control. With the use of the biopreparations, in the thermal and mechanical weed control treatments, compared with the self-regulation treatment, the severity of dark leaf and pod spot was shown to be significantly by respectively 21.7% and 26.2% lower. The use of the bio-preparations, compared with no use, significantly increased dark leaf and pod spot severity on oilseed rape siliques in the thermal and self-regulation weed control plots by respectively 2.2 and 1.5 times. Brazauskienė et al. (2011 a) have documented that the incidence of dark leaf and pod spot on winter oilseed rape siliques was higher only in the years conducive to the occurrence of the disease. In dry years, the disease severity on siliques was low, less than 2.0% of the area of siliques was damaged by the disease.
In 2016, dark leaf and pod spot severity on siliques ranged from 4.04% to 4.95%. There were found no significant differences in the dark leaf and pod spot incidence among the different weed management treatments investigated. The use of the bio-preparations, compared with no use, significantly by 17.0% increased the severity of dark leaf and pod spot on oilseed rape siliques only in the self-regulation weed control plots.
In 2017, the severity of dark leaf and pod spot on siliques ranged from 1.86% to 3.24%. Without the use of the bio-preparations in the thermal weed control plots, dark leaf and pod spot severity on oilseed rape siliques was determined to be significantly by 42.6% lower than in the mechanical weed control plots. With the use of the bio-preparations, the incidence of the dark leaf and pod spot did not differ significantly among the different weed control treatments. The use of the bio-preparations, compared with no use, significantly by 71.5% increased the severity of dark leaf and pod spot only in the mechanical weed control treatment.
Rapeseed yield. In 2015, the highest rapeseed yield was produced in the mechanical weed control treatment (inter-row cultivation), applied in the autumn at a 3-4 leaf growth stage of winter rape and in the spring after resumption of vegetation (Table 2) . Compared with the thermal and self-regulation treatments, the rapeseed yield was by 28.0% and 32.6% higher without the use of the bio-preparations and by 11.7% and 56.8% higher with the use of the bio-preparations. The use of bio-preparations 2290 a* 500 c 400 a Self-regulation without application 1380 b 660 a* 100 b with application 1460 c 1000 a* 110 b Note. The differences between the averages of treatments of factor A at one level of factor B, marked by not the same letter (a, b, c) and between the averages of treatments of factor B, marked by an asterisk are significant (P < 0.05).
yield. In 2017, negative, strong, statistically significant correlation (r 2 = 0.69, P < 0.05) was determined between verticillium wilt severity and rapeseed yield. In 2015 and 2016 statistically significant relationships between disease abundance and rape seed yield were not observed.
Conclusions
1. Under the conditions less conducive to the occurrence of phoma stem canker, both thermal and mechanical weed management methods slightly inhibited the spread of the latter disease in the winter oilseed rape experimental plots, compared with the self-regulation weed control treatment. However, under the conditions favourable for the occurrence of phoma stem canker, only mechanical weed control method in combination with the use of bio-preparations showed a tendency to decrease phoma stem canker incidence. In 2016, in the plots applied with the bio-preparations, compared with those without the bio-preparations, a significantly lower number of phoma stem canker-affected stems (by 16.1% and 40.7%) and disease severity index were recorded only in the self-regulation weed control treatment.
2. The thermal weed control provided better prevention of the verticillium wilt occurrence in the winter oilseed rape crop as compared with thermal and self-regulation weed control in 2015 and 2016. In 2017, significantly, from 2.3 to 3.3 times lower number of verticillium wilt-affected stems was found in the mechanical weed control treatment, compared with the other weed control treatments tested. The biopreparations were shown to reduce the number of the disease-affected stems by on average 11.1-15.6%.
